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1 Digital infrastructures

1.1 Broadbanctonnectivity
The Digital Decade defines two targets in the area of broadband connectivity for 2030: gigabit
coverage for all households and 5G in all populated areas.

The connectivity dimension of the Digital Economy and Society Index (DESI)atobkth the
demand and the supply side of fixed and mobile broadband. Ufixked broadbandit asseses the
take-up of overall, at least 100 Mbps and at least 1 Gbps broadb#mel availability of fast
broadband (next generationcaess ofat least 30 Mips) and of fixed very high capacity networks
(VHCNS) Under nobile broadbandlit includesthe population coverage afGand 5G networks, the
assignment of radio spectrum for 5G (5G readiness) as well aakb@ip of mobile broadbant In
addition, itcapturesthe retail prices offixed and mobile offers and also those of converged bundles
(consisting of fixed and mobile service components)

Tablel Connectivity indicators in DESI

EU
DESI 2019 DESI 2021

2al Overall fixedbroadband takeup 74% 77%
% households 2018 2020
2a2 At least 100 Mbps fixed broadband takep 21% 34%
% households 2018 2020
2a3 At least 1 Gbps takep NA 1.3%
% households 2020
2b1 Fast broadband (NGA) coverage 80% 87%
% households 2018 2020
2b2 Fixed Very High Capacity Network (VHCN) covera 33% 59%
% households 2018 2020
2c1 4G coverage 98.8% 99.7%
% populated areas 2018 2020
2c2 5G readiness 15% 51%
Assigned spectrum as a % of total harmonised 5G spectrum 2019 2021
2c3 5G coverage NA 14%
% populated areas 2020
2c4 Mobile broadband takeip 65% 71%
% individuals 2018 2019
2d1 Broadband price index NA 69
Score (6100) 2020

Source: DESI 2D2European Commission.

In connectivity, Denmark Isahe highest score, followed kthe Netherlands andspain Greeceand
Bulgariahasthe weakest performancen this dimension of the DESI.

1 Fixed VHCN coveragefersto the combined coverage ¢fTTP and DOCSIS Gble networks

25G coverage was introduced in DESI in 2021.

3 The mobile broadband takep indicator has been revised, see the DESI methodological note for further
details.
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Figurel Digital Economy and Society Index 2Z0Zonnectivity
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Source: DESI 2022uropean Commission.

As for the mobile broadbahsubdimension (including indicators 2c1, 2c2, 2¢3 and Bwdicated in
yellow in the above chartthe Netherlands, Denmark and Austria lead Europe, whilgugaland
Lithuania registered the lowest scores.

1.1.1 Broadband coverage

At least one basicrbadbandnetwork has beeravailable to all households in the Buhce 2013
when considering all major technologies (xP&ble, fibre to the premisesFTTRFixed wireless
access- FWA, 4G and satellite) Internet access at homés provided mainlythrough fixed
technologies,the coverage of whichemained stable at 97%. Among these technologies, xDSL
continued to havethe largest footprint 90%) followed byFWA(56%),DOCSIS 3.0 cables{d) and
FTTP42%).

Coverage ofNext generation acces®GA techndogies (VDSL, VDSL2 vectoring, FTTP, DOCSIS 3.0,
DOCSIS 3.1) capable of delivering download speeds of at least 30 Mbps re&éhad 22Q
following a slight increase of 3.1 percentage points compared to the previous year. This mainly
resulted from a 5point growth in FTTPVDSL coverage went up by 1.5 percentage points, while
cable DOCSIS 3.0 remained unchanged at 45%

Fixed very high capacity networks (VHOMNing the capabilities of offering gigabit connectiyity
covered 59% of EU homes in 2020, up from 50% a year earlier. FTTP deployments and cable network
upgrades to DOCSIS 3.1 (coverage went up 8% to 28%) were equally important in growing

VHCN coverage in 2020.

Regarding mobile technologies, while 4Glmmast universal reaching 99.7% of populated areas, 5G
commercial services were launched in about half of the member states b02idicovering 14% of
populated areas
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Figure2 Total coverage by technology at EU level (% of housebpl@0D-2020
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Source: IHS Markit, Omdia and Point Topic, Broadband coverage in Europe studies.
Broadband coverage of rural aréasmains challenginggs 10% of households are not covered by
any fixed networkand 4% are notservedby any NGA technologWevertheless, 4G is widely
available also in rural areas (98.6%). Regarding fixed technologies, there was a marked increase in
the rural coverage of FTTP (from 19% in 201%# i 2020).
Figure3 Rural coveage by technology at EU level (% of households), 22020
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Source: IHS Markit, Omdia and Point Topic, Broadband coverage in Europe studies.

Overall coverage of fixed broadband has only marginally increased sin8dr@0195.7% to 974%.
Rural coveragenproved from 8.9% in 208 to 89.7% in 2Q0.

4 For the definition of rural areas see sGbK | LI EMNI HISFAYAYy I K2dzaSK2f Ra | yR NMzNI
YSGK2R2f 2 32 BdalbaidiCBver®yi dziye 9 @zNP LIS H n wharkitand RbirB ®piouc = o6& L | |
(https://ec.europa.eu/digitalsinglemarket/en/news/studybroadbandcoverageeurope2018).
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Figure4 Fixed broadband coverage in the EU (% of households)32@D20
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Source: IHS Markit, Omdia, Point Topic and VVA, Broadband coverage in Europe studies.

Fixed coverage islose to universal in the majority of the EU with lesisan 3% uncovered
householdsin 19 Member &tes. On the other handLithuania Polandand Romania are lagging
behind with less than 90% of households covered.

NGAiIs available in the vast majority of EU hesn(87%), but only 60% can benefit from such services
in rural areasVDSLhasthe largest coverage among NGA technolodEs9), followed by cable
(45%) and FTTRZ%).
Figure5 Next generation access (NGA) broadband coverage e (% of households), 282020
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Source: IHS Markit, Omdia, Point Topic and VVA, Broadband coverage in Europe studies.

In Cyprus, MaltaLuxembourgand Belgium NGA is available in more than 99%hofiseholds The
situation remained challenging in Fran(@%) and Lithuania (71%espite the fact hat both
countries improved in 2020 (France by 7 and Lithuania by 2 percentage points).
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Figure6 Next generation access (NGA) broadband coverage in the EU (% of households)p2tid
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Source: IHS Markit, Omdia and Point Topic, Broadband coverage in Europe studies.
VHCN coverage increassignificantlybetween 208 and 2®0 from 16% to59% Coverage almost
doubled in the last two years, as the upgrade of cable networkB@&SIS 3.1 stad in several
Member $ates and FTTP deployments also accelerated.

In rural areas, growth was lower, but s8libstantial from 4% to B% over the same time period.
The large gap between total and rural VHCN coverage shows the regional disparitiegital di
opportunities and confirms that more investment is needed in rural areas in order to catch up.
Figure7 Fixed very high capacity network (VHCN) coverage (% of households) in the E&20P0
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Source: IHS Markit, Omdia and Rdiopic, Broadband coverage in Europe studies.

In mid202, Maltawasleading with 100%f VHCNcoverage, followed by Luxembourg, Denmark and
Spain with above 90% coverage. The poorest performeme Greece (10%), Cyprus (26%) and
Czechia (33%), althoughey all improved in 2020. There has been spectacular progress in Ireland
(48 percentage points), Austria (25 percentage poiatsdGermany (23 percentage points)
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Figure8 Fixed very high capacity network (VHCN) coverage (% of hiooisis), mid2020
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Source: IHS Markit, Omdia and Point Topic, Broadband coverage in Europe studies.

4G (LTE) is almost ubiquitous with B®. ofpopulated areasovered by at least one operator ihe
EU beingeven more widely avkible than fixed broadban(®P7.4%).In the last three years, the gap
between rural and overall 4G coveragjenost closedRural coverage stood at 98.6% in 2020.
Figure9 4G mobile coverage in the EU (% of households),322020
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Source: IHS Markit, OmdRpint Topic and VVA, Broadband coverage in Europe studies.

All Member States have well above 95% coverage of 4G
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Figure104G mobile coverage (% @bpulated area3, mid-2020
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Source: IHS Markit, Omdia and Point Topic, Broadbandage@ Europe studies.
The 5G readiness indicator in the DESI shows the portion of spectrum assigned for 5G purposes in
each Member State in the 5G pioneer bands. The percentage score of the 5G readiness indicator is
based on the amount of spectrum assighin a specific Member State and ready for 5G use by the
end of 2020 within the 5G pioneer bands identified in Europe.

91%

This score is calculated based on the portion of spectrum assigned in each 5G pioneer band in
comparison with the maximum feasible anmas, which are as follows:

i 700 MHz band: 60 MHz (733 & 758788 MHz)
1 3.6 GHz band: 400 MHz (3,48800 MHz)
M 26 GHz band: 1000 MHz within 280-27,500 MHz.

All three spectrum bands have an equal weight, so having the maximum feasible amount agsigned
and ready for 5G useg in the range of one of these bands will result in a score of 33.3%, i.e. one
third of the total maximum score.

Remarks:

1. For the 700 MHz band, there are a number of derogations allowing for a delay until 2022;
however, the 5G readess indicator is about factual reporting, not a judgement on legal
compliance.

2. For the 3,408,800 MHz band, only licences aligned with tagesttechnical conditionsir
accordance witlCommissiorimplementingDecision (EU2019/235) were considererkady
for 5G use.

3. For the 26 GHz band, at least a portion @f0D MHz within the band must be assigned and
ready for 5G use by the end of 2020, as required by the Europeketronic
Communications Code.

Bythe end of Augusin 2021, 5 of the 27 Member tates had assigned spectrum in the 5G pioneer
bands, compared to 16 a yeaarlier. Germany,Croatia, Denmark, Greece, Rintd and Slovenia
assigned more than 90% of spectrudn the other hand, Estonand Poland have noyet assigned
any 5G spectrum (aocding to the above conditions).

10
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Figurel1l5G readiness (assigned spectrum as a % of total harmonised 5G specteachpf August 2021
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Source: Communications Committee (COCOM) based on iDATE.

Following the spectrum assignmentd3 Member Sates started commercial5G network
deploymens by mid2020 Highest coverage levels were recorded in the Netherlands and Denmark
(80% of populated areas each), followed by Austria (50%), Ireland (30%) and Germany (18%).

Figure12 5G mobile coverage (% of populated aregasnid-2020
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Source: IHS Markit, Omdia and Point Topic, Broadband coverage in Europe studies.
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1.1.2 Fixed broadband takep
Over three quarter of EU households (77%) hdixed broadband subscriptidn 202Q following a
steady growth &n annual growth rate of 2%) over thelast8 years
Figurel3 Households with a fixed broadband subscription in the EU (% of households),-202Q
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65% -
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55%
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Source: Euradat, European Uniosurvey on ICT usage in Households and by Individuals.

National akeup rates ranged from only 57% to2%. Cyprus, Germany anthe Netherlands
registered the highesfigure, while Finland, Bulgaria, Italltatvia and Lithuanighe lowest. The
relatively low takeup rates in Finland, Italy, Poland and Latvia may partly be due to-rivodaile
substitution.

Figurel4 Households with a fixed broadband subscription (% of householdsp®0
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Source: EurostaEuropea Unionsurvey on ICT usage in Households and by Individuals.

Similarly to broadband coveragejere isstill a large differencdetween urban and ruraligures

Only 69% of rural homes has a fixed broadband subscription compared with 81% in urbantzgeas. T
ruralurban gap is the largest in Bulgaria (40% vs. 72%), Finland (42% vs. 70%) and Romania (54% vs.
81%).

12
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Looking at broadband speeds, there has been a sharp upward trend in at least 100 Mbps fixed
broadband penetration since 2012. In 2020, more tlare third of EU haseholdssubscribed to
such a service3d%), up from 2% eight years ago.

Figure15 Households with a fixed broadband subscription of at least 100 Mbps (% of households) 2012
2020
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Source: Estimated based tre Eiropean Uniorsurvey on ICT usage in Households and by Individuals and data from the
Communications Committee (COCOM).

Sweden, SpajrPortugal,Hungary Belgium, Luxembourg and Romateéad on this indicatoxvith
over 50% of households subscribing tdestst 100 Mbps. In Greece, Cyprus and Croatia, by contrast,
take-up is very low (less than 10%).
Figurel6 Households with a fixed broadband subscription of at least 100 Mbps (% of household2) 20
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60% -B--B--
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0%
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Source Estimated based tme Euppean Uniorsurvey on ICT usage in Households and by Individuals and data from the
Communications Committee (COCOM).

xDSLremained the most widely used fixed broadband technologlthough its market share

decreased to 50% in 2020 from%®2in 208. Fibre 2 1 KS K2YSkodzAft RAy3 o6C¢ ¢ |
main challengeover the last years: the share of FTTB/H lines increased from 5% in 2012 to 26% in
2020. Cable lines represented 19% of fixed broadband lines in 2020, compared with 14% in 2006.

13
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Figure 17 Fixed broadband subscriptiong technology market shares in the EU (% of subscriptions), July
2006-July 2@0°
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Source: Communications Committee (COCOM).
The market share of xDSL varies fré# to 8% and is generally lower in Eastern Europbene
FTTH/B is more widely used. Cable is present in all but two Member States (Greece and lItaly).

xDSLis particularly prevalent in Greece and ltaly, and have the lowest market shaBailgaria,
Romania, PortugaGwederand Spain

FTTH/B is the most widely used technology in a growing numb&fteaiber $ates, and has the
highest market share in Lithuania, Sweden, Latvia, Spain and Romania.

On the other hand, ableis dominant irBelgium, the Netherland$/alta and Hungary.

Figure 18 Fixed broadband subscriptiong technology market shares in the EU (% of subscriptions), July
2020
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Source: Communications Committee (COCOM).

SRE ¢l k. Aa LINI 2F W20KSND GSOKy2t23ASa dzydiAf WdzyS wnAaw

14



Digital Economy and Society Index 2021
Digital infrastructures

New entrant operatorscontinued to slightly gain market share and held 61% of fixed [m@®20
compared with 45% in 200G.he market share of incumbents is the highest in Luxembourg (63%),
Cyprus (55%), Latvia (55%) akbstria(54%), and the lowesh RomaniaX7%) and CzechiaZ%o).

Market shares are calculated at national level for inbemts and new entrants. However,
broadband markets are geographically fragmented, suggesting that a large number of households
are served by only one provider (most likely the incumbent operator in this case).

Figure19 Fixed broadbad subscriptions; operator ~ Figure 20 Incumbent operator market share by

market shares in the EU (% of subscriptions), Janu. technology in the EU (% of subscriptions), Jul2@0
2006-July 20
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Source: Communicatio@mmittee (COCOM). Source: Communications Committee (COCOM).

Figure21 Fixed broadband subscriptionsoperator market shares in the EU (% of subscriptions), Jul®0
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Source: Communications Committee (COCOM).

1.1.3 Mobile broadbandake-up

In 2019, 71% of people used a smart phone to access the internet (up from 49% in 2015), which is
the vast majority of all regular internet usersi{8 of people in 2019).

15
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Figure22 Mobile broadband penetration in the EW/4 ofindividuals), 20152019
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Source: EurostaEuropean Uniosurvey on ICT usage in Households and by Individuals.

Mobile broadband is widely used in every Member Stai&tional penetration rate vary between
49% in Italy and 92% in Sweden.

Figure23 Mobile broadband penetraton (% of individualy 2019
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Source: EurostaEuropean Uniosurvey on ICT usage in Households and by Individuals.

Mobile broadband ishowever,still mainly complementary to fixed broadbandhen it comes to
subscriptions for householdsEuropeans primarily use fixed technologies at home to access the
internet (even if using a mobile devicdn 2@0, 12% of EU households accessed the interndy on
through mobile technologies. Finland8f of lousehold$, Italy (26%) and Latvia (26%)ere the
leaders in mobileonly access

6 Data refers to individuals using a mobile phone to access the internet.
" Data refers to individuals using a mobile phone to access the internet.
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Figure24 Households using only mobile broadband at home (% of household2020
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Source: EurostaEuropean Uniosurvey on ICT usage in Households and by Individuals.

1.1.4 Broadband prices

The Broadband Price Index measures the prices of representative baskets of fixed, mobile and
converged broadband offers.

The Broadband Price Index is a séthat measures the prices of over 30 representative broadband
consumption baskets of different speeds and different products (standalone internet, double play,
triple play and quadruple play).

Romania, Poland and Latvia have the lowest broadband pricele ®prus, Portugal and Belgium

are the most expensive, when considering all fixed, mobile and converged baskets.

Figure25 Broadband price index all baskets (score-200, 100meaningthe lowest price§ 2020
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Source: Commissiobased on Empirica (Retail broadband prices studies).

80 to 100, 100 being the best.
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1.1.5 EU support for National Broadband Plan (NBP) implementation

¢KS /2YYAaaArzyQa aidNI G§S3ASa®amythe Digital LDRoAdR ha@edzNP LIS Q
confirmed the ambitious Gigabit objectives for fixed and mobile connectivity for all European
citizens by 2025 and by 2030s ANB OS y (i & (i 4zRa8 idetified bnly fe@ &ember States

are close to reaching the DAE targedespite their ambitus NBP® 2 KAt S aSYoSNJ &adl (
differ significantly, all have an overall strategic approach for the deployment of NGA netivatks

implemented in practiceThere isa variety of conditions that influence the success of broadband

roll-out. The NBPsf the Member States usually set one or two focal poioig of the following

spheres: demand side measures, supply side measures, regulatory and organizational measures and
transparency measuresuccessful NBPs consider their respective starting positamd describe

concrete measures that take advantage of the individual strengths and define measures to mitigate

the effect of disadvantagesn view of the new targets for 2025 and 2030, Member States should

build on existing successful measures andriribeir incentive towards the deployment and take

up of optical networks, which can be considered the most sustainable and fpiuref solution in

terms of exponentially growing data capacity usage. Incremental approaches to connectivity
investments, sut as 5G-ixed Wireless AccesBWA, can also be considered especially in remote

areas, provided that the deployed infrastructures are scaleable and evolvable toward networks with
fibre-based connectivity brought as close as possible to the users.

With at least 20% of expenditure dedicated to the digital transition, the Recovery and Resilience
Facility (RRF) is an important opportunity for all Member States to invest in digital connectivity.
Member States are planning to invesbre thanEURL3bn (for 22 endorsed plansnto connectivity
deployment, including for supporting the 5G rolit, especially in rural areas.

In the 20142020 period, Member States had already used around EUR 6 billion of European
Structural and Investment Funds (ESl©s)broadband, the equivalent of 14.5 million additional
households with access of at least 30 Mbps. Member States will have the possibéitgetsssuch

support programmeslso under in the next 202122027 ERDF funding perioglspecially folVHCN.

Telecoms rifrastructure projects have also been supported by European Fund for Strategic
Investment (EFSI) guarantees and European Investment Bank (EIB).l&sding2 December 2019,

approx. EUR2.3 billionof estimatedinvestments are mobilised thanks to a tbtalB financing of

EUR 317 billion, of whictEUR 3.0 billionasa budgetary guarantee from EFSI. Under the 28@27

funding period, thelnvestEU program continues to offeudgetary guarantees for investmenis

telecom infrastructure projects underits{ dza G F Ay 6 € S LY FTNIF & NUzOG dzNB ¢ t 2

The Connecting Europe Broadband Fund (CEBMched in June 2018 has closed with an
investment capital of EUR 555M in July 2021 and is expected to unlock total investments of between
EUR 1.Million to 1.7 billion. The CEBF is investing in all EU Member States, as well as EEA Member
States participating in the Telecom Connecting Europe Facility (Iceland and Norway). The project
pipeline shows solid geographical diversification, as do the projects already digribé Fund to

date. Since its launch, the CEBF has successfully invested into 7 projects in Croatia, Blewéja,
Spainthe Czech Republic, Italy and the Netherlands, respectively. The projects aims to deploy high
quality FTTH opeaccess networksof residential, business and public administration use and
together aim to cover over 1.340.000 locations.

9 https://ec.europa.eu/commission/presscorner/detail/en/ip_20 273

10 https://ec.europa.eu/info/strateqy/priorities2019-2024/europefit-digitalage/europesdigitatdecade
digitattargets2030 en

1 publication expected for October 2021
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The Commission continue® support in the 20212027 funding periodthe development of
administrative capacity to design and implement NBPs throlghBroadband Competence Offices
Network first launched in 2017 (with currently 115 membeif$he network brings together national

and regional authorities active in this field, and is supported by a permanent secretariat based in
BrusselsThe Commissionrpvides also technical support through the Technical Support Instrument
(TSI) for the Digital Transition, for example in order to enhance the efficiency and effectiveness of
broadband investments and the implementation of tlgoals set for theDigital Decde by
accelerating public investment in broadband.

Work to improve the mapping of broadband also continued with the review of existing national
initiatives.According to Article 22 of Directive (EU) 2018/1972 (European Electronic Communications
Code, EEC@)I NationalRegulatoryAuthorities (NRAs) and/or Other Competent Authorities (OCAS)

shall conduct a geographical survey of the reach of electronic communications networks capable of
RSt AGSNAY3I ONBIFROFYR O0WONRIF RO YR | ypfaiesitzaNastQ0 0 &
every three years thereafter. In additipby early 2022, the revised Guidelines on State Aid for
Electronic Communications networks will include mapping requirements for the purpose of the
notification of state aid interventions

1.1.6 Munidpalities need more connectivigWiFI4EU

The WIFI4EU initiative continues to promote free-Riiaccess in public spaces including schools,
parks, squares, public buildings, libraries, health centres and museums in municipalities throughout
Europe. With AViFi4EUcalls sinceNovember 2018the initiative has by June 2020vardedmore

than 8 800 vouchergo winning municipalities(Figure 42)i.e. around 30% of more than 29,000
municipalities thatmanaged taegistertheir interest.

Each voucher entitles the winning municipality to install a WiFi4EU netvao#t coversthe costs

with a fixed amount oEURL5000. The vouchers have been awarded on a fasmefirst-served

basis while ensuring geographical balance throughout the whitiative. By July 2021 more than
4.700 out of 8800 municipalities had installed their networks, totalling more than 60.000 active
access points, with peaks of more than 100.000 connected users per day. In order to mitigate the
prolonged Covidelated chdenges the deadlines for installing all funded networks has been
extended to October 2022.

WIFI4EU represents a positive precedehEUdirect investmentin local connectivity, whicharries

on under the next CEF2 Digital programme with a focus on 5Gpbastices. This new initiativaso

could provide blueprints for leveraging investments under other programmes, including Cohesion
Funds, Agricultural funds and RRF.
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Figure26 WiFi4EU; Winning Municipalities by Country
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Sourcelnnovation and Networks Executive Agency.

1.1.7 EU harmonised radio spectrum underpins future wireless digital services

The total EU harmonised radio spectrum faderrestrial systems capable of providingireless
broadbandelectronic communications serviceasnounts to 4340 MHz, including tivehole 26 GHz
frequency band (24.227.5 GHz), while 2090 MHz thereof are subject to authorisation in
accordance with the provisions of Directive (EU) 2018/1972 (European Electronic Communications
Code, EECQlYnder Decigin (EU) 2017/899the deadline for allowing theuse of the700 MHz
frequency band694-790 MHz) and in particular of the frequency division duplex (#8733 MHz

and 758788 MHz)was 30 June 2020%. In addition, pursuant to Article 54 of the EECGhe
deadline for allowing the use @ie 3.6 GHz frequency band (348800 MHz) and at least 1 GHz of

the 26 GHz frequency band (subject to market demawdjs31 December 2020.

At 31 Augus 2021,56% of the EU harmonised radio spectrum for wireless broadtzadi been
awarded across Member Statda. particular with relation to the 5G pioneer spectruahmost half a
year after theexpity of the deadlinein Article 54 of the EECC, and while some Menfates had

12 Decision (EU) 2017/898F the European Parliament and tfe Council of 17 May 2017 on the use of the
470790 MHz frequency band in the Union (OJ L.138 of 25.05.2017,)p.131
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announced the postponement of spectrum awards due to the CQWIbrisis or are still in the

process of resolving other issues (e.g. pending dbosder coordination)severieen (17) Member

States have assigned the 700 MHz band (two not i), twenty four (24) Member States have

assigned (totally or partially) th@6 GHD I yRE gKAf S GKS Hc DIT o6FyR 0x
only byseven(7) Member StatesNew spectrum auctions of 5G pioneer spectrum are expected by

end 2022 or later.

Taking into account the above timeframes as well as the information gathered by the Commission,
with relation to the administrative measures taken so far by Member States towards the fulfilment
of the above obligations, there is some concern aboutdeé&ys in theimplementation of EU law
regarding the authorisation of radio spectrum for 5G.

Current delaysnay be due to different reasons depending on the circumstances in each Member
State, such as cros®rder coordination issues or use of radio spectrumm defence purposes. In
this context, and given the different regulatory conditions applicable to each band, lack of
assignment does not necessarily mean foompliance with EU law.

Denmark, Slovenia, Bulgaria, Sp@wedenand Croatiacompleted the latesauctionsin 2021 The
Danishauction assigned spectrum in the 1400 MHz (90 MHz), 2100 MHz, 2300 MHz, 3.6 GHz and 26
GHz (2.85 GHz) band$e $venianauction assigned spectrum in the 700 MHz (60 MHz of FDD part
and 15 MHz of SDL part), 1400 MHz (80 MB%00 MHz, 2300 MHz (70 MHz), 3.6 GHz (380 MHz)
and the 26 GHz (1 GHz) bantdibe BRilgarianauction assigned the 3.6 GHz (300 MHz) band, the
Spanishauction assigned the remaining part of the 346 GHz (20 MHz) baridllowed by the 700

MHz (60 MHz) bat the Svedishauction ended up with the assignment of the 3.6 GHz (320 MHZz)
along with the 2300 MHz (80 MHz) barahdlastlythe Croatianauctionassignedall the three5G

pioneer bands

Figure27 Assigned radio spectrum for wireless broadband in harmonised EU baB@isAugust 2021
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1.1.8 Convergent radio spectrum management approaches are essential to support 5G
investment
700 MHz band60 MHz)

Assigned irifteen (17) Member StatesAT,HR,CY, CDE, DK, FI, FRL,IT3 HU LU, NL, SK, &S,

SB so far while other countries are expected to authorise the banddnd-2021 Currently,seven
Member States (HR, CQYPL EE, LV, DL &re still in the process of resolving cross border issues (with
EU and/or norEU countries) or freeing up the band from incumbent users, wisicausng delays

in allowing the use of the 700 MHz band wireless broadb&nml average, 61.1% of this bandsha
been assigned in the Union.

This band has generated lower sale prices than the 800 MHz band in most Member States (except
for France, where four mobile network operators were competing, and Sweden, where only 40 MHz
of radio spectrum out of a total of 68IHz were made available). Initiidenseslast slightly longer

than those for the 800 MHz bandith an average of 18.1 years.

3.6 GHz band:

Assigned (at least partially) in twerfiyur 240 aSYO0SNJ { GF GSa dzyRSNJ WpD 02\
with Commission Implementing Decision (EU) 2019/235 of 24 January 2019. Denmark, Bulgaria,
Slovenia Croatiaand Sweden were the latest Member Statesassignspectrum in the 3.6 GHz

band, boosting the average volume of assigned spectrum in this baf@9%in the Union.

26 GHz band:

So farawarded,for 5G use, only irCroatia, Italy, Finland, Greece, Slovenia and Denmark, while
Germany has started, as of Q4 2020, assigning spectrum within the whole 26 GHz band on a first
come, first served basighismakesthem the sevenMember Statesn the Unionto have assignedll

the 5G pioneer band€On average, 25.9% of this bafwhen considering the hanonizedportion

thereof) has been assigned in the Union.

¢KS ynn all oFyR 00§KS YsBsigaed in kllfMerfber@atBsYiyf o dae® A &
only partially) except for Bulgaria, which has been exempted due to incumbent military use under
Article 1(3) of the Radio Spectrum Policy Programme.

Implementing Decisions
Since 2018the Commission has adopted the following Decisions, pertinent to wireless broadband:

1 Commission Implementing Decision (EU) 2018/661 (amending Decision (EU) 2015/750) as
regards the extension of the 1.5 GHz band to provide 50 MHz of additional download
capacity for 5G services.

1 Commission Implementing Decision (EU) 2019/235 (amending Decision 2008/411/EC) to
update the relevant technical conditions applicable to the 3.6 GHz band to make the band
5Gready as it has been identified as the primary pioneerdom 5G in the EU.

1 Commission Implementing Decision (EU) 2019/784 to harmonise the technical conditions
applicable to the 26 GHz band. This band will be essential for some of the envisaged 5G use
cases such as enhanced mobile broadband, specific vertical services thatke refuait
response times and extremely high data rates and fixed wireless access for the provision of

13 The 700 MHz frequency band will be available for use in Italy from July 2022 as the authorities have
obtained an exception as providddr in Decision of the European Parliament and the Council on the use of
the 470790 MHz band in the Union.
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high-speed internet to households and businesses in areas with limited availability of fixed
broadband technology.
Moreover, the Commissiofurther deliverad on its 5G spectrum roadmap by recently adopting three
Decisios regarding the 26 GHz, the paired terrestridbRBlz and the 2.6 GHz frequency bands:

I Commission Implementing Decision (EU) 2020/590 of 24 April 2020 amending the
harmonised technical conditis of Decision (EU) 2019/784 for use of the 26 GHz band,
taking due account of the international agreement reached at the last World
Radiocommunication Conference in 2019. It adapts the technical conditions for the
protection of the passive satellite seces below 24 GHz, which are used for earth
monitoring and climate observation (e.g. for the European Copernicus programme). This
amendment strikes a sensitive balance in promoting Union policies on 5G deployment and
climate change.

1 Commission ImplementinDecision (EU) 2020/667 of 6 May 2020 amending the harmonised
technical conditions of Decision 2012/688/EC, in order to make the paired terrestrial 2 GHz
band fit for 5G use, under the principle of technology neutrality.

1 Commission Implementing Decisidelj 2020/6360f 8 May 2020 amending the harmonised
technical conditions of Decision 2008/477/EC, in order to make the 2.6 GHz band fit for 5G
use, under the principle of technology neutrality.

It is an established EU policy, enshrined also in the Europeatrdilic Communications Code, that
authorisation conditions conducive to investment in 5G deployment should avoid extracting
excessive capital from the market and should promote ambitious infrastructureoubltargets
(including along rail and roads). &tconditions should also enable innovative services, create
opportunities for vertical services to access radio spectrum and not artificially limit or apportion
radio spectrum supply, in particular in the 3.6 GHz band where large blocks of contiguousrapect
should be made available to operators to unleash the full 5G potential.

In the same context, Member States are now in the process of implementing the common Union
Toolbox for Connectivity, which was adopted end of March 2021, in response to the Cwnmiss
Connectivity Recommendation 2020/1307 of September 2020. The Connectivity Toiglbox
comprised of a common set of 39 best practi¢hat will foster digital network deployment and
facilitate access to 5G spectruiWith regardto radio spectrum, the Toolbadxcludes best practices

on conditions conducive to investments, incentivising 5G network rollout and reinforcing
coordination of radio spectrum assignment for 5G across borders vertical applications. It also
touches upon asgcts related to electromagnetic fields and public health. Member States shall
report on the progress of the implementation of the toolbox, according to their national roadmap,
by end of April 2022.

1.1.9 Ex ante market regulation: state of play
With the exceptim of the termination marketsex antemarket regulation is largely concentrated in
the broadband markets.

Nevertheless,ex ante market regulation is still maintained in a few Member States dertain
markets included in the 2002007 and the 2014ecommedations on relevant markets.

23



Digital Economy and Society Index 2021
Digital infrastructures

Figure28 Article 32 cases as at July 2021
gmecuve - no ex ante n number of rounds of market analysis
No effective competition - ex ante regulation

Partial competition - partial ex ante regulation
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Austria 5 4 4

Belgium
Bulgaria
Croatia 3

Cyprus 4

(Czech Republic 3

Denmark 4 4

Estonia

Finland 4 1 4 3
France 4 6 4 4 4
Germany 2 5]
Greece

Hungary 4 a 3
Ireland 3 3 3
italy 4 4 4
Latvia

Lithuania 4 6
Luxemburg

Malta

Netherlands 3 3 2
Poland 3 4 3
Portugal 3 3 3

Romania

Slovakia

Slovenia 4

Spain 4 4 4

Sweden 5

Source: European Commission

1.1.10 Open internet rules

Under Regulation (EU) 2015/2120 (the Open Internet Regulation), EU citizens are entitled to

distribute and have access to information and content, to use and provide applications and services,
and use terminal equipment of their choice, regardless of the looatif the end user or provider or

the location of the information, content, application or service. These rights are established by the

EU Regulation, which @rectly applicable antinding in its entirety.

Applicable since 2016, this Regulation is gamachievement for Europe's Digital Strategy. Common

EU rules on open internet access ensure that the same provisions apply across Europe. The
enforcement of the open Internet access rules is an important task of National Regulatory
Authorities (NRAs), with should take utmost account of the reviewed guidelifiesn the
Implementation of the Open Internet Access Regulation, adoptedthey Body of European
Regulators for Electronic CommunicatioBERECQN June 2020 and amending the guidelines of 30
August 2016. The Commission continues to monitor closely the application of the Regulation.

Regulatory developments

Following the introduction o€onfinementmeasures to fight the Coronavirus pandemic, thenad&d

for Internet capacity increased, be it for teleworkinglearning or entertainment purposesThe
confinement measures highlighted the crucial role of digital technologies, allowing users to purchase
essential goods and access services which woulcbtherwise be accessibfe To respond to this
intensified flow of internet traffic, the Commission called upon the cooperation of major platforms,
BEREC, telecom operators and the public to ensure connectivity and an open internet across Europe.
Streaming platformavere advised to offer standard rather than high definition and to cooperate

https://berec.europa.eu/eng/document_register/subject_matter/berec/requlatory best practices/quideline
s/927 berecquidelineson-the-implementationof-the-open-internet-requlation

15 Communication from the Commission to the European Parliament and the Council, New Consumer Agenda:
Strengthening consumer resilience for sustainable recovery, COM(2020) 696 final, Chapter I, énaitable
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with telecom operators. Telecom operatohad totake preventive and mitigating measurddsers
were invited toapply settings that reduce data consumption, liing the use of Wi or lower
resolution content®.

As a precautionary measuri@ March 20204 joint statement othe Commission and thBERE Get

up a Special Reporting Mechanism (SRM) to ensure regular monitoring of the internet traffic
situation in each Member State, in order to respond swiftly to possible capacity issues that could
follow from increased internet usage due to Cetilcontaiment measures.

During the entire reporting period, 33 NRAs have shared their data about the impact of the crisis on
electronic communications networks and the actions taken soatamational level The SRM
summarises the status of internet capacity aheé actions taken by different NRAs. All iterations of
the SRM published by BEREC are availableeoBEREC website.

In general, three phases in the evolution of internet traffic have been observed during the crisis: a
sharp increase in its early weekssizbsequent stabilisation and, through the latter part of 2020 and
into 2021, a decrease from the peak (experienced early in the crisis). NRAs are monitoring the
situation and are collecting data from ISPs and other market players about the status of their
networks.

Open internet annual reports

The Open Internet Regulation (Article 5 of Regulation (EU) 2015/2&20Q)resnational regulatory
authorities to publishannualreports on their monitoring and findings and to share these reports
with the Commission and BEREC. The latest annual ryotorts (covering 1 May 2020 to 30 April
2021) are availableere.

In addition, BEREC publishes annual reporton the implementation of the Open Internet
Regulation and the net neutrality guidelines.

Open internet issues

Zerorating offers were identified bywenty five NRAs, with music/video streaming and social
networking the most frequently mentioned types of applications being zated. During the
pandemic, there were some examples of temporary zering practicesto facilitate education and
ensure the flow of iformation in severaMember Sates. Twenty sevenNRAscame acrosgraffic
management practices in one or another way, as more and more NRAs have realised the importance
of compliance with the Regulation in this area.

In 2020, NRA pursuedtheir analysis ofndividual commercial offers emerging on the market on a
caseby-case basis. 10 NRAs (BG, CY, ES, FR, HR, IT, MT, NO, SE, SK) carried out formal assessments of
traffic management practices.

With the view to implemert y 3 | NI AOf S n 2y liantc@wii tiaBspakeyicd and { t 4 Q
contractual terms, most (24) NRAad recourse tdormal and informal requests for information

from the ISPs, analysis of eddd SNE Q NBLIRZ2 NI A | yR O2 YLXMostgftha = | & ¢
NRAs (23 out of 28) monitor enater complaints regarding the performance of the IAS, while two

thirds of the NRAs (18 out of 28) offer an IAS quality monitoring mechanism to consumets.
September2020, the Court of Justice of the European Union YL dierpreted for the first time

16 Communication from the Commission to the EurapeParliament and the Council, New Consumer Agenda:
Strengthening consumer resilience for sustainable recovery, COM(2020) 696 final, Chapter Il, avdildble at
Lex- 52020DC0696EN- EURLex (europa.eu)
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Regulation 2015/212( in Joined Cases&7/18 and €39/19 Telenor Magyarorszag Zrt. v Nemzeti
Média-és Hirkozlési Hatosag Elndke, the Court was asked to give a preliminary ruling in relation to
the additional services &dred by Telenor Magyarorszag Kft relating to social media (chat)
applications and music streaming and online radio applications. The Court ruled that this practice
entails a traffic management measure which infringes the requirement of fair and non
discriminatory treatment laid down in Article 3(3) of Regulation 2015/2120. The Court also clarified
that once that infringement has been established under Article 3(3) of Regulation 2015/2120
concerning traffic management, it is no longer necessary to spetiéher there has also been an
infringement of Article 3(2) of Regulation 2015/2120 about commercial agreements. Therefore a
detailed assessment of the market and the impact of the measure is not needed.

1.1.11 Widespread use of roafike-at-Home (RLAH) & multipiition of roaming traffic
under RLAH

As of15 June 2017, mobile operators are not allowed to impose charges other than domestic ones

when they provide (retail) roaming services to custongdodicallytravelling in the EU/EEA. There

are two main exceptins to thisfiRoamlike-at-homed (RLAHJule. To prevent abusive or anomalous

use of roaming at domestic prices, mobile operators may apply a fair use policy. Furthermore, when

mobile operators are able to demonstrate that RLAH is objectively not sustaineitheut

detrimental effects on the domestic markets, they may obtain an authorisation from their national

regulator to impose a small surcharge for providing roaming services (sustainability derogation

surcharge).

Roaming traffic

The rapid and massive d¢rease in roaming traffic since June 2QErgure 45has shown that the
RLAH reform has met its objectite unleash the untapped demand for mobile consumption by
travellers in the ElJas assessed in the Commission review réfioBetween summer 2016 and
summer2019, retail roaming traffic increased8ld for voice and I-fold for data.Between summer
2018 and summer 2019pamingtraffic remained stablefor voice while it increasedfurther, by
more than 40% for data Despite such increases, roamingffia remains a small fraction of
domestictraffic. Overall,consumers are highly satisfied with thaigher roamingconsumptionand
the benefisthey derive from it

17 https://curia.europa.eu/juris/liste.jsf?num=807/18
18 CommissionReport on the review of the roaming market, COM(2019)616 final and accomganyin
Commission staff working document SWD(2019)416 final, both avaiiebte
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Figure29 EEA retail roaming data traffic (millions GB)

EEA retail roaming data traffic (millions of GB)
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As an effect of the COII® pandemic and the lockdowns and limitationgttavelling, the roaming

data traffic has decreased by almost 39% in 2020 compared to 2019. In particular, although some
restrictions were lifted during the summef 202Q the reduction of roaming data traffic amounted

to -28% compared to the summef 2019. In addition, part of the decrease is also a consequence of
GKS FI 0G0 GKFG RdzS G2 . NBEAG 'Y 2LISNIG2NBEQ RIGI
Q3 2019. RLAH rule® longer apply to the UKfter the end of the transition period.€. after 31
December 2020). This means that roaming traffic in the United Kingdom should be treated like any
other roaming traffic to countries outside the EEMbasedoperatorsare not obliged to offer calls,

SMS or data services at domestic prices witheir customerdravelin the United Kingdom

Fair use policies and sustainability derogations served their purpose in ensuring the sustainability of
the RLAH regime, although their use remains marginal. In summer 2019, voice or data roaming
traffic subject toa surcharge due to a fair use policy or a sustainability derogation did not exceed 6%
of total roaming traffic in the EU. Apart from mobile virtual network operators, derogations are
mainly used in some countries where data prices are very low, revenereaser arelow and/or
roaming imbalances are high (e.g. Estonia, Finland, Lithuania and Poland).

Roaming issues

Overall, mobile operators are complying with the roaming ruld$owever, certain issues were
observed.

For instancean the Netherlands, the NRAoted problems with quality of service in roaming where

the roaming provider (home operator) blocks access to 4G roaming, only enabling 3G access or
limiting the available data speed on certain visited netwofkse NRAlid not teke any formal steps

due to lack of legal clarity regarding quality of roaming services.

Furthermore,in the context of the review of the EU Roaming Regulation, the Joint Research Centre
(JRC) undertook a studgSmart 2018/0011)on roaming performance assessment by field
measurements on mobile broadband involving 40 mobile networks in 13 EU coulithies. Qa Y20 A f S

¥ nternational Roaming BEREC benchmark data report A@dl-2Beptember 200, availableénere.
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app netBavo was used to carry out the measurements and analysis of data. Download speed,
upload speed and latency were measured for all roaming tests and results were analysed. The study
found that 25% of astomers at least once had worse quality of service Bmmimg compared to at

home even when technical conditions were available for better quality.

Regulatory developments

The Roaming Regulatiomill expire on 30 June 2022. In this light, the Commission ddspted a

RECAST proposal on 24 February 20R&xending the Roaming Regulatidor 10 yeardo ensure
O2yAydz GA2Y 2F WNRIFY fA1S 4G K2YSQ I, §sRelas Ay Gl A
ensure a genuine roam like at home experience and facilitate innovatioraddition to the

prolongation for 10 years of the existing roaming rules and the reduction of wholesale caps to
ensure sustainability of roam like at home for operators, the Commission proposed the following

new measurs; (i)same quality of services while roargims at hae, (ii)increased transparency to

avoid billshocksor consumerdgrom using value added servicd8i) equivalent access to emergency

services for alland (iv) wholesale roaming access tequested network technologies.

1.2 Quantum computing

Quantum technologies exploit the properties of quantum mechanics and physics to solve complex
problems much faster or much better than traditional methods. They make possible the
development of radically new technologies in computing, communicasonulgion, and sensing.
Quantum computing can be applied in many sectors (aerospace, agriculture, health, automotive or
energy) and in combination with other digital technologies. For exantplentum cryptography
techniques can help develop secure communiaaiand improve detection of network intrusians

In addition, quantum technologies can help improve the ICT performance by for example, increasing
energyefficiency of computing and sensing or the capability to store and analyse growing amounts
of date®.

A great deal of investment and expertise will be needed to help quantum technologies transition
from the research and development phase to deployment. Currently, they still rely largely on public
funds, and most of fundamental research is done in univessidaed research facilities. Equity
funding is still low for quantum computing compared to otleenerging technologies. China, the EU,
the US, the UKndia and Japamre investing strongly in quantum technologies.

Figure30 Plannedpublic fundingin quantum technologiesexamples worldwidejn EURbillion

20 JRCQuantum Technologies: Implications for European Policy, Issues for dahibbe,
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SourceCIFARA guantum revolution: report on global policies for quantum technolagyi 2021.

*Includes planned public funding by the EU and Member States

The EU objective ithe Digital Decade for quantum is that 2025, Europe will have its first
computer with quantum acceleration paving the way for Europe to be at the cutting edge of
guantum capabilities by 203D

In October 2018, the EU launched the 4gar strategic Qantum Technologies Flagship with an
expected budget ofEUR1 billion. Thislargescale initiative will pool resources of research
institutions, industry and public funders to consolidate and expand European scientific leadership
and excellence in this field. In its ramp phase ffom October 2018to September 2021), it
provided EUR152 million of funding for 24 projects in four core application areas: quantum
communication,computing, simulation, and sensirand metrology In the upcoming research
framework programme Horizon Europe (262027) the European Quantum Flagship Initiative will
become fully operational with a total investment &UR1 billion. h March 2020, theEuropean
Quantum FlagshiplInitiative presented its Bategic ResearchAgend#? setting ambitious goals
aroundthe four core application areas. These areas are anchoyed tommon basis irasicscience
and they will be supported by work icrosscutting areas(engineering anccontrol, software and
theory, education andtraining, and further complementd by overarching activities immovation
andinternationalcooperation as well agenderequality.

In June 2019, the European Commission and several Member States signed a ministerial declaration
agreeing to explore together, over a period of 12 months, how to develop and deploy a quantum
communication infrastruatre (QCI) across the EU within the next 10 y&rdn the next
multiannual financial framwork for the period 2022027,the EuroHPC Joint UndertakiqgJ)will

support at least two generations of widely accessible quantum computers and advanced simulato
interconnected with EuroHPC supercomputing facilities as part of a federated European computing
infrastructure.

21COM(2021) 118 final, 2030 Digital Compass: the European way for the Digital Decade, 9 March 2021.
22 https://qt.eu/about-quantumflagship/newsroom/theqguantumflagshipofficially-presentsthe-strategic-
researchagendato-the-europeancommission/

2 hitps://digital-strategy.ec.europa.eu/en/news/futurguantumeu-countriesplan-ultra-secure
communicatiornetwork
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As regard the share of articles in quantumelevant publications in 2020, the EU was the most
active, followed by China and the US. Howeueterms of impact the US had a leading position in
guantumrelevant publications, followed by the UK, the EU and China

24 H index evaluates the impact of the scientific publications by measuring the number of articles (h) in a
country that received at least h citations.
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Figure31 Top 10 countriesvorldwide by H index in quanturrrelevant publications 2020

B Share of articles in quantum-relevant publications, worldwide
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Source: Scopwalyzer, keyword (quantum tecnolog*).

Patenting activity in the field of quantum computing started to accelerate in 2012. Quantum
computing and quantum key distribution are the applications for which by far the most patent
applications have been filed tdate. The US leads in quantum computing and China leads in
quantum key distributio. Likewise, quantum metrology and sensing saw an increase in patent
applications starting in 2009, but the number of patent applications is still low in absolute temdhs, a
mainly driven by research institutes (patent applications in the field rose from 8 applications in 2009
to 83 in 2017). The leading patent authorities in this-sabtor are China, the US and tBE?9. Even
though commercial products based on quanteomputing are starting to emerge (for example in
guantum sensing), the market for quantum technologies still appears to be limited.

Revenues from quantum computing market worldwide are expectedbee m n € y Hilion in
204027, This preliminary market simate includes revenues generated directly by quantum
companies. It does not reflect the much broader, overall revenue impact the technology will have
across the industries that use it.

25 JRCPatent analysis of selected quantum technologg9.

26 European Patent Offickandscape study on patent filling, quantum metrology and seng0tg.

27 Preliminary result of the final assessment report: Financing a quantum technologies industry in Europe,
EIB/McKinsey, September 2021
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